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Abstract of JP2004025437 
PROBLEM TO BE SOLVED: To improve 
flexibility of design and manufacturability in a 
bistable system. 

SOLUTION: A bistable microelectromechanical 
system (MEMS) based system 100 comprises 
a micromachined beam 1 10 having a first 
stable state, in which the beam 1 10 is 
substantially stress-free and has a specified 
non-linear shape, and a second stable state. 
The curved shape of the beam 110 may 
comprise a simple curve or a compound curve. 
In embodiments, the boundary conditions 112 
for the beam 1 10 are fixed boundary 
conditions, bearing boundary conditions, spring 
boundary conditions, or a combination thereof. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 
[Claim 1] 

It is a system based on a bistability minute electronic mechanical system, 

The system based on the bistability minute electronic mechanical system which is at least one beam by 
which detailed machining was carried out, and is characterized by having the beam which has the 1st 
stable state in which this beam hardly receives stress but, which it presents a predetermined nonlinear 
configuration, and the 2nd stable state. 
[Claim 2] 

It is a system according to claim 1 , 

The actuator formed in order to move said at least one beam between the 1st stable state and the 2nd 
stable state, 

The movable component which moves between the 1st location and the 2nd location according to 
migration between the 1 st stable state of said at least one beam, and the 2nd stable state, 
Furthermore, the system characterized by having. 
[Claim 3] 

It is the actuation approach of a system based on the minute electronic mechanical system using the 

system based on a bistability minute electronic mechanical system according to claim 1, 

The approach characterized by including the step which impresses the 1st force of moving said at least 

one beam from the 1st stable state to the 2nd stable state in the 1st direction. 

[Claim 4] 

It is an approach according to claim 3, 

The approach characterized by including further the step which stops one beam even if this ** cannot be 
found before said at least one beam results in the 2nd stable state. 
[Claim 5] 

It is an approach according to claim 3, 

The approach characterized by impressing the 2nd force in the 2nd direction and including further the 
step which returns said at least one beam to the 1st stable state. 
[Claim 6] 

It is the manufacture approach of a system based on a bistability minute electronic mechanical system, 
The approach which is at least one beam and is characterized by including the step which specifies with 
lithography the beam which has a predetermined nonlinear configuration corresponding to the 1 st stable 
state of this beam. 
[Claim 7] 

It is an approach according to claim 6, 

The approach characterized by including further the step which prescribes with lithography that said at 
least one beam has predetermined geometry. 
[Claim 8] 

It is a system based on the minute electronic mechanical system containing the system based on a 
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bistability minute electronic mechanical system according to claim 1, 

The movable component prepared between the input section, the output section, and the input section 
and the output section is included, 

Said bistability minute electronic mechanical system adjoins said movable component, and is formed, 
Said movable component is a system characterized by moving between the 1st location and the 2nd 
location according to migration between the 1st stable state of said at least one beam, and the 2nd stable 
state. 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] 

This invention relates to the system based on a minute electronic mechanical system (MEMS) including 
the structure based on a minute electronic mechanical system (MEMS), and at least one bistability 
(bistable) structure. This invention relates to such a manufacture approach of structure and a system, and 
the actuation approach of a system based on a minute electronic mechanical system again. 
[0002] 

[Description of the Prior Art] 

About the bistability beam, the application in the system based on a minute electronic mechanical 
system (MEMS) is known. Such a bistability beam is applied to a digital data storage, electronic formula 
switching, optical switching, etc. 
[0003] 

for example, the minute electronic mechanical-system publication magazine of the June, 2000 issuance 
of a good alignment micro mechanical bistability system by SAIFU (M. T.A.Saif) -- it is indicated by 
the 9th volume, No. 2, and 157-170-page "the good alignment bistability MEMS theory, an experiment 
("On a Tunable Bistable MEMS-Theory andExperiment", Journal of Microelectromechanical Systems, 
Vol.9, No.2, pp. 157-170, and June 2000) and nonpatent literature 1." This bistability system consists of 
long and slender micro mechanical beams attached in the actuator. A beam is exposed to the lateral force 
which manifests itself in the middle of manufacture, and residual stress. In order that an actuator may 
generate compressive force to the shaft orientations of a beam, a beam is buckled in a longitudinal 
direction and results in one condition of two equilibrium. 
[0004] 

Explanation [ / else / BAMBO / (Vangbo) ] is indicated by the micro mechanical of publication, the 
micro engineering No. 8, 29-32 pages, and "a longitudinal direction symmetry bistability buckling beam 
("A Lateral Symmetrically bistable buckled beam" J.Micromech.Micreng., 8 (1998)) and nonpatent 
literature 2" as another example of well-known beam structure in 1998. As it is in the publication, the 
snap stop of the longitudinal direction symmetry bistability beam is carried out to the equipment based 
on a minute electronic mechanical system (MEMS), and it is held in an orientation according to the 
spring force. This beam is equipped with the compression coat to which it is oxidized so that tensile 
stress may be guided, or it was fixed on the beam including the beam on which, as for beam structure, 
the release mold stood straight. 
[0005] 

The bistability electrostatic actuator which used the pneumatics joint or the water pressure joint is 
indicated by U.S. Pat. No. 6,168,395 (patent reference 1) given to KUENTSUA (Quenzer) etc. This 
bistability actuator contains the buckling thin film section driven with an enclosure electrode. A thin 
film operates by reaction as another thin film will be pushed up, if one thin film is lengthened in the 
lower part. Especially the bistability actuator was designed for the purpose of application on a micro 
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bulb, and the electrode of a bow configuration is used for it. 
[0006] 

The electronic mechanical-cable-type switch of bistability by which detailed machining was carried out 
is indicated by U.S. Pat. No. 6,303,885 (patent reference 2) given to HICHIWA (Hichwa) etc. The 
switching device contained in this bistability switch is hung by two or more spring arms between the 
switch body sections. The spring arm is attached in the wall of the hollow body section of a central 
beam, and the wall of this spring arm and a beam in the air answers the motive power of an actuator, and 
deforms between stable states. 
[0007] 

[Patent reference 1] 

U.S. Pat. No. 6,168,395 description 

[Patent reference 2] 

U.S. Pat. No. 6,303,885 description 

[Nonpatent literature 1] 

SAIFU, "On a Tunable Bistable MEMS-Theory and Experiment", Journal of Microelectromechanical 
Systems, Vol.9, No.2, pp. 157- 170, and June 2000 
[Nonpatent literature 2] 

"A lateral Symmetrically bistable buckled beam" J.Micromech.[ besides BAMBO ] Micreng., 8 (1998), 

pp.29-32 

[0008] 

[Problem(s) to be Solved by the Invention] 

As mentioned above, either of the hollow **** which form inclusion stress, impression compressive 
force, or an additional spring is needed for a well-known bistability beam. However, if the actuator for 
impression compressive force is added, a design and manufacture of a system will become complicated. 
Moreover, if it includes in a beam and stress is created, since control of inclusion stress is difficult, 
manufacture will become difficult. Furthermore, if hollow **** is added, a design and manufacture will 
become still more complicated. Therefore, the object of this invention is to eliminate the conventional 
trouble and other conventional failures about a bistability beam which were mentioned above. 
[0009] 

[Means for Solving the Problem] 

The system and approach concerning this invention are the bistability beam by which detailed 
machining was carried out, and offer the bistability beam which has the 1st stable state from which this 
beam hardly receives stress. 
[0010] 

The system and approach concerning this invention improve the flexibility in the design of a bistability 

system independently again. 

[0011] 

The system and approach concerning this invention reduce the complexity in the design of a bistability 

system independently again. 

[0012] 

The system and approach concerning this invention improve the manufacturability of a bistability 

system independently again. 

[0013] 

The system and approach concerning this invention reduce a bistability system size and weight 

independently again. 

[0014] 

The system and approach concerning this invention reduce the manufacturing cost of a bistability 

system independently again. 

[0015] 

The system and approach concerning this invention offer independently the bistability actuation by 
which the engine performance has been improved again. 
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[0016] 

The system and approach concerning this invention offer independently the Instability actuation by 

which at least one side of robustness and dependability has been improved again. 

[0017] 

The system and approach concerning this invention offer independently the Instability actuation by 

which effectiveness has been improved again. 

[0018] 

The system and approach concerning this invention offer independently the bistability beam whose 

rigidity outside a field improved again. 

[0019] 

The system and approach concerning this invention offer non-contact actuation of the bistability beam in 

one [ at least ] condition of a non-contact condition and a steady state independently again. 

[0020] 

The system and approach concerning this invention offer independently the switching which used the 

bistability system again. 

[0021] 

The system and approach concerning this invention offer the waveguide switch using bistability 

actuation independently again. 

[0022] 

The system and approach concerning this invention offer the attenuation using a bistability system 

independently again. 

[0023] 

The system and approach concerning this invention improve control of the 1st location of the bistability 

beam in the 1st stable state independently again. 

[0024] 

The system and approach concerning this invention improve control of the 2nd location of the bistability 

beam in the 2nd stable state independently again. 

[0025] 

The system and approach concerning this invention offer the bistability system containing a stopper 
independently again. This stopper contacts a bistability beam, when a bistability beam is in the condition 
near the 2nd stable state between the 1st stable state and the 2nd stable state. 
[0026] 

In the example of the various operation gestalten concerning the system and approach of this invention, 
the system based on a bistability minute electronic mechanical system (MEMS) is the beam by which 
detailed machining was carried out, and contains the beam which has the 1st stable state in which this 
beam hardly receives stress but, which it presents a predetermined nonlinear configuration, and the 2nd 
stable state. In various operation gestalten, a predetermined nonlinear configuration contains a simple 
curve. In other various operation gestalten, a predetermined nonlinear configuration contains a 
compound curve, for example, four almost same radii etc. Furthermore, in another operation gestalt, a 
predetermined nonlinear configuration includes a series of segments. 
[0027] 

In the illustrated various operation gestalten, a beam has at least one fixed boundary condition. In 
another, various operation gestalten, a beam has at least one bearing boundary condition. In another, 
various operation gestalten, a beam has at least one spring boundary condition. The beam may have the 
conditions which combined different boundary condition again. 
[0028] 

In the illustrated various operation gestalten, this system is further equipped with the stopper arranged 
between the 1st stable state of a beam, and the 2nd stable state. When a beam moves from the 1st stable 
state, this stopper may be arranged near the 2nd stable state of a beam so that bias may be carried out to 
this stopper. 
[0029] 
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In the example of the various operation gestalten concerning the system and approach of this invention, 
the system based on a bistability minute electronic mechanical system (MEMS) The 1st stable state in 
which this beam hardly receives stress but which it is the beam by which detailed machining was carried 
out, and it presents a predetermined nonlinear configuration, The beam which has the 2nd stable state, 
the actuator formed in order to move this beam between the 1st stable state and the 2nd stable state, and 
the movable component which moves between the 1st location and the 2nd location according to 
migration between the 1st stable state of a beam and the 2nd stable state are included. Actuators may be 
any of a heat actuator, an electrostatic actuator, an electrostrictive actuator, and a magnetic actuator. In 
this actuator, in the illustrated various operation gestalten, this actuator contains a zipper type 
electrostatic actuator (zippering electrostatic actuator) with another, various operation gestalten 
including a thermal shock actuator. 
[0030] 

In the example of the various operation gestalten about the system and approach of this invention, if the 
1st force is impressed in the 1st direction, it will be the beam by which detailed machining was carried 
out, and the beam which has the 1st stable state in which this beam hardly receives stress but, which it 
presents a predetermined nonlinear configuration will shift to the 2nd stable state from the 1st stable 
state. Impression of the 1st force may be constituted as impression of the force which used any one of a 
heat actuator, an electrostatic actuator, an electrostrictive actuator, and the magnetic actuators. 
Impression of the 1st force may consist of illustrated various operation gestalten as impression of the 
force which used the thermal shock actuator. Impression of the 1 st force may consist of another, various 
operation gestalten as impression of the force which used the zipper type electrostatic actuator. 
[0031] 

With the illustrated various operation gestalten, if the 2nd force is impressed in the 2nd direction, a 
beam will shift to the 1st stable state from the 2nd stable state. Impression of the 2nd force may be 
constituted as impression of the force which used any one of a heat actuator, an electrostatic actuator, an 
electrostrictive actuator, and the magnetic actuators. Impression of the 2nd force may consist of another, 
various operation gestalten as impression of the force which used the thermal shock actuator or the 
zipper type electrostatic actuator. 
[0032] 

In the example of the various operation gestalten concerning the system and approach of this invention, 
the system based on a bistability minute electronic mechanical system (MEMS) is manufactured by 
specifying with lithography the beam which has a predetermined nonlinear configuration corresponding 
to the 1st stable state of a beam. In the illustrated various operation gestalten, this manufacture approach 
contains the step which determines the 2nd stable state of a beam by prescribing with lithography that a 
beam becomes further specific geometry (geometry). In various operation gestalten, the step which 
prescribes with lithography that a beam has specific geometry contains the step which specifies a beam 
with lithography so that it may have at least one of specific die length, specific width of face, specific 
height, and the specific curvatures. With various operation gestalten, the height of a beam is defined as 
the height of a beam becoming larger than the width of face of a beam, and the bucklings outside the 
field of a potential beam are reduced. 
[0033] 

In the illustrated various operation gestalten, this manufacture approach is prescribing with lithography 
that a beam has further specific geometry, and contains the step which determines the delivery distance 
of the beam between the 1st stable state and the 2nd stable state. With various operation gestalten, the 
step which prescribes with lithography that a beam has specific geometry contains the step which 
prescribes with lithography that a beam has at least one of specific die length, specific width of face, 
specific height, and the specific curvatures. 
[0034] 

In the illustrated various operation gestalten, this manufacture approach is prescribing with lithography 
that a beam has further specific geometry, and contains the step which determines the force curve of the 
beam between the 1st stable state and the 2nd stable state. In various operation gestalten, the step which 
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prescribes with lithography that a beam has specific geometry contains the step which prescribes with 
lithography that a beam has at least one of specific die length, specific width of face, specific height, and 
the specific curvatures. 
[0035] 

In the illustrated various operation gestalten, this manufacture approach contains further the step which 
adjoins a beam and forms at least one of a heat actuator, an electrostatic actuator, an electrostrictive 
actuator, and a magnetic actuator. With various operation gestalten, the step which adjoins a beam and 
forms at least one of a heat actuator, an electrostatic actuator, an electrostrictive actuator, and a magnetic 
actuator contains the step which forms a thermal shock actuator. With other various operation gestalten, 
the step which adjoins a beam and forms at least one of a heat actuator, an electrostatic actuator, an 
electrostrictive actuator, and a magnetic actuator contains the step which forms a zipper type 
electrostatic actuator. 
[0036] 

In the illustrated various operation gestalten, this manufacture approach contains further the step which 
forms the fixed boundary condition of at least one beam. In another, various operation gestalten, this 
manufacture approach contains further the step which forms the bearing boundary condition of at least 
one beam. In other various operation gestalten, this manufacture approach contains further the step 
which forms the spring boundary condition of at least one beam. This manufacture approach may also 
contain the step which forms the boundary condition of the beam which combined different boundary 
condition further. 
[0037] 

In the illustrated various operation gestalten, the manufacture step which defines a beam as a lithography 
technical target contains the step which carries out patterning of the beam to the device layer of a SOI 
(silicon-on-insulator) wafer. This manufacture approach contains the step which leaves an insulating 
layer selectively and carries out the support stop of the beam to a substrate while it etches a device layer 
and the insulating layer between substrates selectively and releases a beam further. 
[0038] 

the systems based on a minute electronic mechanical system ( MEMS ) be the input section , the output 
section , the movable component that connect between the I/O sections , and the beam detailed 
machining be carried out by the beam , and contain the beam which have the 1 st stable state in which 
this beam hardly receive stress but , which it present a predetermined nonlinear configuration , and the 
2nd stable state in the example of the various operation gestalten concerning the system and the 
approach of this invention . In the illustrated various operation gestalten, this system is an optical system 
equipped with the optical I/O section. In illustrated another operation gestalt, this system is the 
electronic system equipped with the electronic formula I/O section. Furthermore, in another operation 
gestalt, this system is a hydraulic system equipped with the fluid I/O section. In the illustrated various 
operation gestalten, this system contains a data storage system. In illustrated another operation gestalt, 
this system contains a switching system. 
[0039] 

The property and advantage of this invention which were mentioned above will become clear from 
detailed explanation of the following about the system concerning this invention, and the various 
operation gestalten of an approach. 
[0040] 

[Embodiment of the Invention] 

The various operation gestalten about the system and approach of this invention are explained referring 

to an attached drawing. 

[0041] 

Although this invention is explained referring to an optical switching system, it will be understood that 
this invention is not limited to such a system. The system based on the minute electronic mechanical 
system (MEMS) using a bistable state is set as the object of this invention. The following explanation is 
to show the description of this invention, and does not limit this invention to the indicated specific 
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operation gestalt. 
[0042] 

The system and approach concerning this invention offer the system based on a Instability minute 
electronic mechanical system (MEMS). In the various operation gestalten of this invention, the system 
based on a bistability minute electronic mechanical system (MEMS) is the beam by which detailed 
machining was carried out, and contains the beam which has the 1st stable state in which this beam 
hardly receives stress but, which it presents a predetermined nonlinear configuration, and the 2nd stable 
state. The system based on the bistability minute electronic mechanical system (MEMS) concerning this 
invention offers at least one side of the bistability actuation by which the engine performance has been 
improved, and the bistability actuation by which effectiveness has been improved while offering 
improvement in the flexibility in a design, an improvement of manufacturability, the cutback of size and 
weight, and the cutback of a manufacturing cost. 
[0043] 

In the illustrated various operation gestalten, a predetermined nonlinear configuration contains a simple 
curve. In another, various operation gestalten, a predetermined nonlinear configuration contains a 
compound curve. A compound curve may also contain four for example almost same radii. Furthermore, 
in another operation gestalt, a predetermined nonlinear configuration includes a series of segments. A 
predetermined nonlinear configuration specifies the 1st stable state of a beam. 
[0044] 

In the illustrated various operation gestalten, the system based on a bistability minute electronic 
mechanical system (MEMS) contains the step which prescribes with lithography that a beam becomes a 
predetermined nonlinear configuration corresponding to the 1 st stable state of a beam. In the illustrated 
various operation gestalten, the 2nd stable state of a beam is searched for by prescribing with 
lithography that a beam has at least one of predetermined geometry, for example, predetermined die 
length, width of face, and the curvatures. Furthermore, another property of a beam may be determined 
by prescribing with lithography that a beam becomes specific geometry. Lithography offers the accuracy 
and the controllable production process which do not generate stress. 
[0045] 

In the illustrated various operation gestalten, the method of specifying a beam with lithography contains 
the step which carries out patterning of the beam to the device layer of a SOI (silicon-on-insulator) 
wafer. This manufacture approach leaves a part of insulating layer, and contains the step which carries 
out the support stop of the beam to a substrate while it etches a device layer and the insulating layer 
between substrates selectively and releases a beam further. Since most device layers are layers which do 
not receive stress, they can eliminate unnecessary stress out of a beam. 
[0046] 

The system and approach concerning this invention offer bistability actuation again. In the illustrated 
various operation gestalten, if the 1st force is impressed in the 1st direction, it will be the beam by which 
detailed machining was carried out, and the beam which has the 1st stable state in which this beam 
hardly receives stress but, which it presents a predetermined nonlinear configuration will shift to the 2nd 
stable state from the 1st stable state. In the illustrated various operation gestalten, if the 2nd force is 
impressed in the 2nd direction, a beam will shift to the 1st stable state from the 2nd stable state. 
[0047] 

At least one side of the beam concerning this invention and bistability actuation may be applied to 
various kinds of applications, and may form some large systems. For example, the systems based on a 
minute electronic mechanical system (MEMS) are the input section, the output section, the movable 
component that connects between the I/O sections, and the beam by which detailed machining was 
carried out, and contain the beam which has the 1st stable state in which this beam hardly receives stress 
but, which it presents a predetermined nonlinear configuration, and the 2nd stable state. Furthermore, 
these systems may be any of an optical system, electronic system, or a hydraulic system. Moreover, this 
system may be a data storage system or a switching system. 
[0048] 
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According to the various operation gestalten of illustrated this invention, a detailed machining technique 
and the manufacturing technology based on other micro mechanical systems are the beams by which 
detailed machining was carried out, and are used for processing the beam which has the 1 st stable state 
in which this beam hardly receives stress but, which it presents a predetermined nonlinear configuration, 
and the 2nd stable state. Such a processing technique progressed comparatively compared with other 
possible techniques, and brings about a more reliable result and more advanced flexibility. With the 
illustrated various operation gestalten, a bistability beam is manufactured using surface micro- 
processing technique, for example, the lithography mentioned above. 
[0049] 

The schematic diagram of the system 100 based on the minute electronic mechanical system (MEMS) 
concerning the 1st operation gestalt of this invention is shown in drawing 1 . This system 100 contains 1 
set of bistability beams 110 shown in drawing according to the 1st stable state. Although 1 set of 
bistability beams are illustrated, it could be understood that a single bistability beam may be used. If two 
or more bistability beams are adopted, since a beam will function in cooperation, at least one of the 
engine performance, dependability, and the precision improves. The support stop of the bistability beam 
1 10 is carried out to a substrate 101 using the boundary condition which combined the suitable boundary 
condition 112, for example, fixed boundary condition, bearing boundary condition, spring boundary 
condition, or different boundary condition. In the 1st stable state, the bistability beam 110 becomes a 
predetermined nonlinear configuration, and it is manufactured so that the condition of hardly receiving 
stress may be attained. 
[0050] 

The movable member 120, for example, a waveguide, an optical fiber, etc. may be prepared, and you 
may constitute so that the movable member 120 may move with the bistability beam 1 10. As shown in 
drawing 1 , the steady state member 130 corresponding to a waveguide, an optical fiber, etc. is fixed to a 
substrate 101. 
[0051] 

The schematic diagram of the 1st operation gestalt is shown in drawing 2 . The bistability beam 1 10 in 
the 2nd stable state was shown in drawing. As illustrated, the movable member 120 moves to the 2nd 
stable state from the 1st stable state with the bistability beam 110, and is aligned or connected with the 
steady state member 130. If Force F is impressed to the bistability beam 1 10 as shown in drawing 1 and 
draw ing 2 , the bistability beam 1 10 will move between the 1st stable state and the 2nd stable state. 
[0052] 

The schematic diagram showed the bistability beam 1 1 0 to drawing 1 and drawing 2 . Although a 
suitable configuration including a simple curve, a compound curve, a series of segments, etc. may be 
used for the predetermined nonlinear configuration of a beam, it is not limited to these configurations. 
Thus, a predetermined nonlinear configuration is good in the configuration of arbitration where the 1st 
stable state can be specified. 
[0053] 

The schematic diagram of the system 200 based on the minute electronic mechanical system (MEMS) 
concerning the 2nd operation gestalt of this invention is shown in drawing 3 . This system 200 contains 
1 set of bistability beams 210 illustrated by the 1st stable state, and at least one actuator 240. The 
support stop of the bistability beam 210 is carried out to a substrate 201 using the suitable boundary 
condition 212. 
[0054] 

The movable member 220 is arranged, and it constitutes so that the movable member 220 may move 
with the bistability beam 210. The movable member 220 shifts to the 2nd stable state from the 1st stable 
state with a bistability beam with an actuator 240. According to the force which an actuator 240 
impresses to the bistability beam 210, the bistability beam 210 moves between the 1st stable state and 
the 2nd stable state. About this force, even if you may impress directly or indirectly and contact on the 
bistability beam 210 realizes, you may realize, without contacting the bistability beam 210. 
[0055] 
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Even if actuators 240 are already any of well-known equipment or the equipment developed from now 
on, they should just be equipment which can impress the force of moving a bistability beam between 
stable states. Actuators 240 may be any of for example, a heat actuator, an electrostatic actuator, an 
electrostrictive actuator, and a magnetic actuator, or may be the combination of the arbitration. The 
concrete object to apply may be chosen based on the design consideration according to a predetermined 
application. For example, for a specific application, a thermal shock actuator or a zipper type 
electrostatic actuator may be convenient. 
[0056] 

As mentioned above, you may build the system based on the minute electronic mechanical system 
(MEMS) concerning this invention into a large system or a complex system. For example, as the outline 
was shown in drawing 4 , the optical switching system 300 contains 1 set of bistability beams 310. The 
bistability beam 310 is shown in drawing by the 1st stable state which presents a predetermined 
nonlinear configuration and which hardly receives stress. 
[0057] 

The input optical fiber 350 with which this system 300 is equipped further, and the output optical fiber 
360 are arranged so that it may be connected with the waveguide 332,334 of a different steady state, 
respectively. The movable switching member 320 is located among the steady state waveguides 332 and 
334, and is relatively movable to this steady state waveguide 332,334. The movable switching member 
320 is arranged, and it constitutes so that it may move with the bistability beam 310. The movable 
switching member 320 may be equipped with the array of a waveguide 322 as shown in drawing 4 . 
[0058] 

In an activity, if Force F is impressed to the bistability beam 310 by the actuator (not shown), the 
bistability beam 310 will shift to the 2nd stable state (not shown) from the 1st stable state shown in 
drawing 4 . When the movable switching member 320 moves with the bistability beam 310, another 
waveguide 322 connects between the steady state waveguides 332 and 334. By this approach, the input 
of one lightwave signal of the input optical fiber 350 may be switched between the output optical fibers 
360. Moreover, the waveguide 322 of the movable member 320 may be arranged and a lightwave signal 
may be switched by moving the movable member 320 to compensate for migration of the bistability 
beam 310 between the 1st stable state and the 2nd stable state. Furthermore, the waveguide 322 of the 
movable member 320 may be formed so that a lightwave signal may be attenuated. 
[0059] 

As shown in drawing 4 , the 2nd stable state may be changed by inserting a stopper 370. A stopper 370 
is arranged so that one side of the bistability beam 310 may contact a stopper 370 before reaching the 
2nd original stable state. If a stopper 370 is arranged in this way, in the 2nd stable state, bias of one side 
of the bistability beam 310 will be carried out to a stopper 370. The bistability beam 310 and the 
movable member 320 assist this condition so that it may result in the 2nd stable state correctly and 
certainly. As shown in drawin g 4 , upheaval 372 may be formed in a stopper 370 and a part of bistability 
beam 3 10 in a contact condition and the static friction between stoppers 370 may be controlled. 
[0060] 

The graph illustrated to drawing 5 shows the variation rate of the beam to the force impressed in order to 
move a beam, and this force. The nonlinear configuration and geometry of a beam determine a actual 
curve. 
[0061] 

After moving from the 1st stable state, a beam passes an unstable equilibrium condition and shifts to the 
2nd stable state of the beam which is in the stable equilibrium condition. The ideal point line showed the 
location of a stopper 370 in drawing 5 . As illustrated, the stopper is formed in the location of about 
0.0185mm between an unstable equilibrium condition and the stable equilibrium condition applicable to 
the 2nd original stable state. Therefore, a beam will stop, before resulting in the stable equilibrium 
condition applicable to the 2nd original stable state. Bias of the beam is carried out to a stopper by the 
stability of the beam which tends toward this stable equilibrium condition. 
[0062] 
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The system based on a testability minute electronic mechanical system (MEMS) may be manufactured 
according to this invention by specifying a beam equipped with the predetermined nonlinear 
configuration corresponding to the 1st stable state of a beam with lithography. As a lithography 
technique, common knowledge or the lithography technique of the arbitration developed from now on 
may be used. With lithography, a properly, for example, the configuration, geometry, etc. of a beam can 
be manufactured to accuracy. 
[0063] 

As mentioned above, the predetermined nonlinear configuration of a beam specifies the 1st stable state 
of this beam. The geometry of a beam specifies the 2nd stable state of this beam similarly. Therefore, 
according to the various operation gestalten of this invention, this manufacture approach is prescribing 
with lithography that a beam has further predetermined geometry, and contains the step which 
determines the 2nd stable state of a beam. Predetermined geometry may contain one or more, even if 
there are little predetermined die length, predetermined width of face, and predetermined curvature. It 
will be understood that height may be specified with the thickness of the ingredient layer by which a 
beam is created. 
[0064] 

Moreover, lithography may prescribe the predetermined geometry of a beam and other various 
properties of a beam may be specified. For example, the geometry of a beam may be specified so that at 
least the delivery distance of a beam and one side of a force curve may be specified. 
[0065] 

With the illustrated various operation gestalten, the actuator related with a bistability beam is formed 
using lithography. Similarly, the boundary condition of a bistability beam may also be formed using 
lithography technique. Moreover, although other same manufacturing technologies may be used, if the 
whole system is manufactured by the same technique, it is advantageous at the point which reduces the 
independent approach step, for example and can simplify a stroke. 
[0066] 

As mentioned above, a beam may carry out patterning of the beam within the device layer of a SOI 
wafer, and may specify it with lithography. While etching a device layer and the insulating layer 
between substrates selectively and releasing a beam, it leaves a part of insulating layer, and the support 
stop of the beam is carried out to a substrate, the amount of [ which carries out the support stop of the 
beam ] insulating layer specifies desired boundary condition on a beam ~ as - patterning ~ and it 
etches. 
[0067] 

The example of the technique suitable for manufacture of the bistability beam within a device layer is 
indicated by the United States patent application 09th under simultaneous connection which uses the 
whole as it is for reference / No. 467,526, the 09th / No. 468,423, and the 09th / No. 468,141. Another 
suitable technique is indicated by the United States patent application 09th under simultaneous 
connection which uses the whole as it is for reference / No. 718,017. 
[0068] 

Generally, the step of a planar production process is used in detailed machining of a polish recon front 
face. This step is a step common to the (integrated-circuit IC) manufacture industry which manufactures 
a minute electronic machinery and micro mechanical equipment. Like a standard block assembler, the 
step which forms an alternative layer and carries out patterning with a photolithography technique on a 
substrate is included. An alternative layer contains polycrystalline silicon with low stress, and a sacrifice 
layer like the silicon dioxide for example, on a substrate. The beer etched through the sacrifice layer 
provides between polycrystalline silicon layers and a substrate with a support point. Patterning of the 
polycrystalline silicon layer is carried out, and the mechanical component of detailed machining 
equipment is formed. A mechanical component is formed for every layer in this way at a series of steps 
of a vacuum evaporationo process and a patterning process. A silicon-dioxide layer is removed by 
exposing after that to the alternative etching reagent which does not adhere to a polycrystalline silicon 
layer, for example, a hydrofluoric acid etc., (HF). The mechanical component formed in the 
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polycrystalline silicon layer is released by this, and actuation of a mechanical component is attained. 
[0069] 

Although this invention was explained referring to various operation gestalten, I will be understood if it 
is this contractor for various kinds of replacement, correction, and modification to be possible. 
Therefore, all of correction and modification are the things from which it does not swerve to the pneuma 
and the range of this invention and which are included by the range of this invention exchangeably. 
[Brief Description of the Drawings] 

[Drawing 1] It is the schematic diagram of the 1st operation gestalt of the minute electronic mechanical 
system (MEMS) containing the bistability beam concerning this invention. 

[Drawing 2] It is the schematic diagram having shown the 1st operation gestalt of drawing 1 according 
to the 2nd stable state. 

[Drawing 3] It is the schematic diagram of the 2nd operation gestalt of the minute electronic mechanical 
system (MEMS) containing the bistability beam concerning this invention, and an actuator. 
[Drawing 4] It is the schematic diagram having shown the operation gestalt of the optical switching 
system containing the bistability beam concerning this invention according to the 1st stable state. 
[Drawin g 5] It is a graph showing the force curve of the operation gestalt of drawin g 4 in the 
equilibrium condition by which the 2nd stable state was stabilized. 
[Description of Notations] 

100,200,300 The system and 101,201 based on a minute electronic mechanical system (MEMS) A 
substrate and 1 1 0,2 1 0,3 1 0 A bistability beam and 112,212 Boundary condition and 1 3 0 A steady state 
member and 240 An actuator and 300 An optical switching system and 320 A movable member and 
332,334 A waveguide and 350 An input optical fiber and 360 An output optical fiber and 370 Stopper. 
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JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

TECHNICAL FIELD 
[Field of the Invention] 

This invention relates to the system based on a minute electronic mechanical system (MEMS) including 
the structure based on a minute electronic mechanical system (MEMS), and at least one bistability 
(bistable) structure. This invention relates to such a manufacture approach of structure and a system, and 
the actuation approach of a system based on a minute electronic mechanical system again. 
[0002] 

[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



PRIOR ART 



[Description of the Prior Art] 

About the bistability beam, the application in the system based on a minute electronic mechanical 
system (MEMS) is known. Such a bistability beam is applied to a digital data storage, electronic formula 
switching, optical switching, etc. 
[0003] 

for example, the minute electronic mechanical-system publication magazine of the June, 2000 issuance 
of a good alignment micro mechanical bistability system by SAIFU (M. T.A.Saif) -- it is indicated by 
the 9th volume, No. 2, and 157-170-page "the good alignment bistability MEMS theory, an experiment 
("On a Tunable Bistable MEMS-Theory andExperiment", Journal of Microelectromechanical Systems, 
Vol.9, No.2, pp. 157-1 70, and June 2000) and nonpatent literature 1." This bistability system consists of 
long and slender micro mechanical beams attached in the actuator. A beam is exposed to the lateral force 
which manifests itself in the middle of manufacture, and residual stress. In order that an actuator may 
generate compressive force to the shaft orientations of a beam, a beam is buckled in a longitudinal 
direction and results in one condition of two equilibrium. 
[0004] 

Explanation [ / else / BAMBO / (Vangbo) ] is indicated by the micro mechanical of publication, the 
micro engineering No. 8, 29-32 pages, and "a longitudinal direction symmetry bistability buckling beam 
("A Lateral Symmetrically bistable buckled beam" J.Micromech.Micreng., 8 (1998)) and nonpatent 
literature 2" as another example of well-known beam structure in 1998. As it is in the publication, the 
snap stop of the longitudinal direction symmetry bistability beam is carried out to the equipment based 
on a minute electronic mechanical system (MEMS), and it is held in an orientation according to the 
spring force. This beam is equipped with the compression coat to which it is oxidized so that tensile 
stress may be guided, or it was fixed on the beam including the beam on which, as for beam structure, 
the release mold stood straight. 
[0005] 

The bistability electrostatic actuator which used the pneumatics joint or the water pressure joint is 
indicated by U.S. Pat. No. 6,168,395 (patent reference 1) given to KUENTSUA (Quenzer) etc. This 
bistability actuator contains the buckling thin film section driven with an enclosure electrode. A thin 
film operates by reaction as another thin film will be pushed up, if one thin film is lengthened in the 
lower part. Especially the bistability actuator was designed for the purpose of application on a micro 
bulb, and the electrode of a bow configuration is used for it. 
[0006] 

The electronic mechanical-cable-type switch of bistability by which detailed machining was carried out 
is indicated by U.S. Pat. No. 6,303,885 (patent reference 2) given to HICHIWA (Hichwa) etc. The 
switching device contained in this bistability switch is hung by two or more spring arms between the 
switch body sections. The spring arm is attached in the wall of the hollow body section of a central 
beam, and the wall of this spring arm and a beam in the air answers the motive power of an actuator, and 
deforms between stable states. 
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[0007] 

[Patent reference 1] 

U.S. Pat. No. 6,168,395 description 

[Patent reference 2] 

U.S. Pat. No. 6,303,885 description 

[Nonpatent literature 1] 

SAIFU, "On a Tunable Bistable MEMS -Theory and Experiment", Journal of Microelectromechanical 
Systems, Vol.9, No.2, pp. 157-170, and June 2000 
[Nonpatent literature 2] 

"A lateral Symmetrically bistable buckled beam" J.Micromech.[ besides BAMBO ] Micreng., 8 (1998), 

pp.29-32 

[0008] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] 

As mentioned above, either of the hollow **** which form inclusion stress, impression compressive 
force, or an additional spring is needed for a well-known bistability beam. However, if the actuator for 
impression compressive force is added, a design and manufacture of a system will become complicated. 
Moreover, if it includes in a beam and stress is created, since control of inclusion stress is difficult, 
manufacture will become difficult. Furthermore, if hollow **** is added, a design and manufacture will 
become still more complicated. Therefore, the object of this invention is to eliminate the conventional 
trouble and other conventional failures about a bistability beam which were mentioned above. 
[0009] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s h ows the word which can not be translated. 
3. In the drawings, any words are not translated. 



MEANS 

[Means for Solving the Problem] 

The system and approach concerning this invention are the bistability beam by which detailed 
machining was carried out, and offer the bistability beam which has the 1st stable state from which this 
beam hardly receives stress. 
[0010] 

The system and approach concerning this invention improve the flexibility in the design of a bistability 

system independently again. 

[0011] 

The system and approach concerning this invention reduce the complexity in the design of a bistability 

system independently again. 

[0012] 

The system and approach concerning this invention improve the manufacturability of a bistability 

system independently again. 

[0013] 

The system and approach concerning this invention reduce a bistability system size and weight 

independently again. 

[0014] 

The system and approach concerning this invention reduce the manufacturing cost of a bistability 

system independently again. 

[0015] 

The system and approach concerning this invention offer independently the bistability actuation by 

which the engine performance has been improved again. 

[0016] 

The system and approach concerning this invention offer independently the bistability actuation by 

which at least one side of robustness and dependability has been improved again. 

[0017] 

The system and approach concerning this invention offer independently the bistability actuation by 

which effectiveness has been improved again. 

[0018] 

The system and approach concerning this invention offer independently the bistability beam whose 

rigidity outside a field improved again. 

[0019] 

The system and approach concerning this invention offer non-contact actuation of the bistability beam in 

one [ at least ] condition of a non-contact condition and a steady state independently again. 

[0020] 

The system and approach concerning this invention offer independently the switching which used the 

bistability system again. 

[0021] 
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The system and approach concerning this invention offer the waveguide switch using bistability 

actuation independently again. 

[0022] 

The system and approach concerning this invention offer the attenuation using a bistability system 

independently again. 

[0023] 

The system and approach concerning this invention improve control of the 1st location of the bistability 

beam in the 1st stable state independently again. 

[0024] 

The system and approach concerning this invention improve control of the 2nd location of the bistability 

beam in the 2nd stable state independently again. 

[0025] 

The system and approach concerning this invention offer the bistability system containing a stopper 
independently again. This stopper contacts a bistability beam, when a bistability beam is in the condition 
near the 2nd stable state between the 1 st stable state and the 2nd stable state. 
[0026] 

In the example of the various operation gestalten concerning the system and approach of this invention, 
the system based on a bistability minute electronic mechanical system (MEMS) is the beam by which 
detailed machining was carried out, and contains the beam which has the 1st stable state in which this 
beam hardly receives stress but, which it presents a predetermined nonlinear configuration, and the 2nd 
stable state. In various operation gestalten, a predetermined nonlinear configuration contains a simple 
curve. In other various operation gestalten, a predetermined nonlinear configuration contains a 
compound curve, for example, four almost same radii etc. Furthermore, in another operation gestalt, a 
predetermined nonlinear configuration includes a series of segments. 
[0027] 

In the illustrated various operation gestalten, a beam has at least one fixed boundary condition. In 
another, various operation gestalten, a beam has at least one bearing boundary condition. In another, 
various operation gestalten, a beam has at least one spring boundary condition. The beam may have the 
conditions which combined different boundary condition again. 
[0028] 

In the illustrated various operation gestalten, this system is further equipped with the stopper arranged 
between the 1st stable state of a beam, and the 2nd stable state. When a beam moves from the 1st stable 
state, this stopper may be arranged near the 2nd stable state of a beam so that bias may be carried out to 
this stopper. 
[0029] 

In the example of the various operation gestalten concerning the system and approach of this invention, 
the system based on a bistability minute electronic mechanical system (MEMS) The 1 st stable state in 
which this beam hardly receives stress but which it is the beam by which detailed machining was carried 
out, and it presents a predetermined nonlinear configuration, The beam which has the 2nd stable state, 
the actuator formed in order to move this beam between the 1st stable state and the 2nd stable state, and 
the movable component which moves between the 1st location and the 2nd location according to 
migration between the 1st stable state of a beam and the 2nd stable state are included. Actuators may be 
any of a heat actuator, an electrostatic actuator, an electrostrictive actuator, and a magnetic actuator. In 
this actuator, in the illustrated various operation gestalten, this actuator contains a zipper type 
electrostatic actuator (zippering electrostatic actuator) with another, various operation gestalten 
including a thermal shock actuator. 
[0030] 

In the example of the various operation gestalten about the system and approach of this invention, if the 
1st force is impressed in the 1st direction, it will be the beam by which detailed machining was carried 
out, and the beam which has the 1st stable state in which this beam hardly receives stress but, which it 
presents a predetermined nonlinear configuration will shift to the 2nd stable state from the 1st stable 
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state. Impression of the 1st force may be constituted as impression of the force which used any one of a 
heat actuator, an electrostatic actuator, an electrostrictive actuator, and the magnetic actuators. 
Impression of the 1st force may consist of illustrated various operation gestalten as impression of the 
force which used the thermal shock actuator. Impression of the 1st force may consist of another, various 
operation gestalten as impression of the force which used the zipper type electrostatic actuator. 
[0031] 

With the illustrated various operation gestalten, if the 2nd force is impressed in the 2nd direction, a 
beam will shift to the 1st stable state from the 2nd stable state. Impression of the 2nd force may be 
constituted as impression of the force which used any one of a heat actuator, an electrostatic actuator, an 
electrostrictive actuator, and the magnetic actuators. Impression of the 2nd force may consist of another, 
various operation gestalten as impression of the force which used the thermal shock actuator or the 
zipper type electrostatic actuator. 
[0032] 

In the example of the various operation gestalten concerning the system and approach of this invention, 
the system based on a bistability minute electronic mechanical system (MEMS) is manufactured by 
specifying with lithography the beam which has a predetermined nonlinear configuration corresponding 
to the 1st stable state of a beam. In the illustrated various operation gestalten, this manufacture approach 
contains the step which determines the 2nd stable state of a beam by prescribing with lithography that a 
beam becomes further specific geometry (geometry). In various operation gestalten, the step which 
prescribes with lithography that a beam has specific geometry contains the step which specifies a beam 
with lithography so that it may have at least one of specific die length, specific width of face, specific 
height, and the specific curvatures. With various operation gestalten, the height of a beam is defined as 
the height of a beam becoming larger than the width of face of a beam, and the bucklings outside the 
field of a potential beam are reduced. 
[0033] 

In the illustrated various operation gestalten, this manufacture approach is prescribing with lithography 
that a beam has further specific geometry, and contains the step which determines the delivery distance 
of the beam between the 1st stable state and the 2nd stable state. With various operation gestalten, the 
step which prescribes with lithography that a beam has specific geometry contains the step which 
prescribes with lithography that a beam has at least one of specific die length, specific width of face, 
specific height, and the specific curvatures. 
[0034] 

In the illustrated various operation gestalten, this manufacture approach is prescribing with lithography 
that a beam has further specific geometry, and contains the step which determines the force curve of the 
beam between the 1st stable state and the 2nd stable state. In various operation gestalten, the step which 
prescribes with lithography that a beam has specific geometry contains the step which prescribes with 
lithography that a beam has at least one of specific die length, specific width of face, specific height, and 
the specific curvatures. 
[0035] 

In the illustrated various operation gestalten, this manufacture approach contains further the step which 
adjoins a beam and forms at least one of a heat actuator, an electrostatic actuator, an electrostrictive 
actuator, and a magnetic actuator. With various operation gestalten, the step which adjoins a beam and 
forms at least one of a heat actuator, an electrostatic actuator, an electrostrictive actuator, and a magnetic 
actuator contains the step which forms a thermal shock actuator. With other various operation gestalten, 
the step which adjoins a beam and forms at least one of a heat actuator, an electrostatic actuator, an 
electrostrictive actuator, and a magnetic actuator contains the step which forms a zipper type 
electrostatic actuator. 
[0036] 

In the illustrated various operation gestalten, this manufacture approach contains further the step which 
forms the fixed boundary condition of at least one beam. In another, various operation gestalten, this 
manufacture approach contains further the step which forms the bearing boundary condition of at least 
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one beam. In other various operation gestalten, this manufacture approach contains further the step 
which forms the spring boundary condition of at least one beam. This manufacture approach may also 
contain the step which forms the boundary condition of the beam which combined different boundary 
condition further. 
[0037] 

In the illustrated various operation gestalten, the manufacture step which defines a beam as a lithography 
technical target contains the step which carries out patterning of the beam to the device layer of a SOI 
(silicon-on-insulator) wafer. This manufacture approach contains the step which leaves an insulating 
layer selectively and carries out the support stop of the beam to a substrate while it etches a device layer 
and the insulating layer between substrates selectively and releases a beam further. 
[0038] 

the systems based on a minute electronic mechanical system ( MEMS ) be the input section , the output 
section , the movable component that connect between the I/O sections , and the beam detailed 
machining be carried out by the beam , and contain the beam which have the 1st stable state in which 
this beam hardly receive stress but , which it present a predetermined nonlinear configuration , and the 
2nd stable state in the example of the various operation gestalten concerning the system and the 
approach of this invention . In the illustrated various operation gestalten, this system is an optical system 
equipped with the optical I/O section. In illustrated another operation gestalt, this system is the 
electronic system equipped with the electronic formula I/O section. Furthermore, in another operation 
gestalt, this system is a hydraulic system equipped with the fluid I/O section. In the illustrated various 
operation gestalten, this system contains a data storage system. In illustrated another operation gestalt, 
this system contains a switching system. 
[0039] 

The property and advantage of this invention which were mentioned above will become clear from 
detailed explanation of the following about the system concerning this invention, and the various 
operation gestalten of an approach. 
[0040] 

[Embodiment of the Invention] 

The various operation gestalten about the system and approach of this invention are explained referring 

to an attached drawing. 

[0041] 

Although this invention is explained referring to an optical switching system, it will be understood that 
this invention is not limited to such a system. The system based on the minute electronic mechanical 
system (MEMS) using a bistable state is set as the object of this invention. The following explanation is 
to show the description of this invention, and does not limit this invention to the indicated specific 
operation gestalt. 
[0042] 

The system and approach concerning this invention offer the system based on a bistability minute 
electronic mechanical system (MEMS). In the various operation gestalten of this invention, the system 
based on a bistability minute electronic mechanical system (MEMS) is the beam by which detailed 
machining was carried out, and contains the beam which has the 1 st stable state in which this beam 
hardly receives stress but, which it presents a predetermined nonlinear configuration, and the 2nd stable 
state. The system based on the bistability minute electronic mechanical system (MEMS) concerning this 
invention offers at least one side of the bistability actuation by which the engine performance has been 
improved, and the bistability actuation by which effectiveness has been improved while offering 
improvement in the flexibility in a design, an improvement of manufacturability, the cutback of size and 
weight, and the cutback of a manufacturing cost. 
[0043] 

In the illustrated various operation gestalten, a predetermined nonlinear configuration contains a simple 
curve. In another, various operation gestalten, a predetermined nonlinear configuration contains a 
compound curve. A compound curve may also contain four for example almost same radii. Furthermore, 
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in another operation gestalt, a predetermined nonlinear configuration includes a series of segments. A 

predetermined nonlinear configuration specifies the 1st stable state of a beam. 

[0044] 

In the illustrated various operation gestalten, the system based on a bistability minute electronic 
mechanical system (MEMS) contains the step which prescribes with lithography that a beam becomes a 
predetermined nonlinear configuration corresponding to the 1st stable state of a beam. In the illustrated 
various operation gestalten, the 2nd stable state of a beam is searched for by prescribing with 
lithography that a beam has at least one of predetermined geometry, for example, predetermined die 
length, width of face, and the curvatures. Furthermore, another property of a beam may be determined 
by prescribing with lithography that a beam becomes specific geometry. Lithography offers the accuracy 
and the controllable production process which do not generate stress. 
[0045] 

In the illustrated various operation gestalten, the method of specifying a beam with lithography contains 
the step which carries out patterning of the beam to the device layer of a SOI (silicon-on-insulator) 
wafer. This manufacture approach leaves a part of insulating layer, and contains the step which carries 
out the support stop of the beam to a substrate while it etches a device layer and the insulating layer 
between substrates selectively and releases a beam further. Since most device layers are layers which do 
not receive stress, they can eliminate unnecessary stress out of a beam. 
[0046] 

The system and approach concerning this invention offer bistability actuation again. In the illustrated 
various operation gestalten, if the 1 st force is impressed in the 1 st direction, it will be the beam by which 
detailed machining was carried out, and the beam which has the 1 st stable state in which this beam 
hardly receives stress but, which it presents a predetermined nonlinear configuration will shift to the 2nd 
stable state from the 1st stable state. In the illustrated various operation gestalten, if the 2nd force is 
impressed in the 2nd direction, a beam will shift to the 1st stable state from the 2nd stable state. 
[0047] 

At least one side of the beam concerning this invention and bistability actuation may be applied to 
various kinds of applications, and may form some large systems. For example, the systems based on a 
minute electronic mechanical system (MEMS) are the input section, the output section, the movable 
component that connects between the I/O sections, and the beam by which detailed machining was 
carried out, and contain the beam which has the 1st stable state in which this beam hardly receives stress 
but, which it presents a predetermined nonlinear configuration, and the 2nd stable state. Furthermore, 
these systems may be any of an optical system, electronic system, or a hydraulic system. Moreover, this 
system may be a data storage system or a switching system. 
[0048] 

According to the various operation gestalten of illustrated this invention, a detailed machining technique 
and the manufacturing technology based on other micro mechanical systems are the beams by which 
detailed machining was carried out, and are used for processing the beam which has the 1 st stable state 
in which this beam hardly receives stress but, which it presents a predetermined nonlinear configuration, 
and the 2nd stable state. Such a processing technique progressed comparatively compared with other 
possible techniques, and brings about a more reliable result and more advanced flexibility. With the 
illustrated various operation gestalten, a bistability beam is manufactured using surface micro- 
processing technique, for example, the lithography mentioned above. 
[0049] 

The schematic diagram of the system 100 based on the minute electronic mechanical system (MEMS) 
concerning the 1st operation gestalt of this invention is shown in drawing 1 . This system 100 contains 1 
set of bistability beams 110 shown in drawing according to the 1st stable state. Although 1 set of 
bistability beams are illustrated, it could be understood that a single bistability beam may be used. If two 
or more bistability beams are adopted, since a beam will function in cooperation, at least one of the 
engine performance, dependability, and the precision improves. The support stop of the bistability beam 
1 10 is carried out to a substrate 101 using the boundary condition which combined the suitable boundary 
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condition 1 12, for example, fixed boundary condition, bearing boundary condition, spring boundary 
condition, or different boundary condition. In the 1st stable state, the bistability beam 1 10 becomes a 
predetermined nonlinear configuration, and it is manufactured so that the condition of hardly receiving 
stress may be attained. 
[0050] 

The movable member 120, for example, a waveguide, an optical fiber, etc. may be prepared, and you 
may constitute so that the movable member 120 may move with the bistability beam 1 10. As shown in 
drawing 1 , the steady state member 130 corresponding to a waveguide, an optical fiber, etc. is fixed to a 
substrate 101. 
[0051] 

The schematic diagram of the 1st operation gestalt is shown in drawing 2 . The bistability beam 1 10 in 
the 2nd stable state was shown in drawing. As illustrated, the movable member 120 moves to the 2nd 
stable state from the 1st stable state with the bistability beam 110, and is aligned or connected with the 
steady state member 130. If Force F is impressed to the bistability beam 1 10 as shown in drawing 1 and 
drawing 2 , the bistability beam 110 will move between the 1st stable state and the 2nd stable state. 
[0052] 

The schematic diagram showed the bistability beam 1 10 to drawing 1 and drawing 2 . Although a 
suitable configuration including a simple curve, a compound curve, a series of segments, etc. may be 
used for the predetermined nonlinear configuration of a beam, it is not limited to these configurations. 
Thus, a predetermined nonlinear configuration is good in the configuration of arbitration where the 1st 
stable state can be specified. 
[0053] 

The schematic diagram of the system 200 based on the minute electronic mechanical system (MEMS) 
concerning the 2nd operation gestalt of this invention is shown in drawing 3 . This system 200 contains 
1 set of bistability beams 210 illustrated by the 1st stable state, and at least one actuator 240. The 
support stop of the bistability beam 210 is carried out to a substrate 201 using the suitable boundary 
condition 212. 
[0054] 

The movable member 220 is arranged, and it constitutes so that the movable member 220 may move 
with the bistability beam 210. The movable member 220 shifts to the 2nd stable state from the 1st stable 
state with a bistability beam with an actuator 240. According to the force which an actuator 240 
impresses to the bistability beam 210, the bistability beam 210 moves between the 1st stable state and 
the 2nd stable state. About this force, even if you may impress directly or indirectly and contact on the 
bistability beam 210 realizes, you may realize, without contacting the bistability beam 210. 
[0055] 

Even if actuators 240 are already any of well-known equipment or the equipment developed from now 
on, they should just be equipment which can impress the force of moving a bistability beam between 
stable states. Actuators 240 may be any of for example, a heat actuator, an electrostatic actuator, an 
electrostrictive actuator, and a magnetic actuator, or may be the combination of the arbitration. The 
concrete object to apply may be chosen based on the design consideration according to a predetermined 
application. For example, for a specific application, a thermal shock actuator or a zipper type 
electrostatic actuator may be convenient. 
[0056] 

As mentioned above, you may build the system based on the minute electronic mechanical system 
(MEMS) concerning this invention into a large system or a complex system. For example, as the outline 
was shown in drawing 4 , the optical switching system 300 contains 1 set of bistability beams 310. The 
bistability beam 310 is shown in drawing by the 1st stable state which presents a predetermined 
nonlinear configuration and which hardly receives stress. 
[0057] 

The input optical fiber 350 with which this system 300 is equipped further, and the output optical fiber 
360 are arranged so that it may be connected with the waveguide 332,334 of a different steady state, 
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respectively. The movable switching member 320 is located among the steady state waveguides 332 and 
334, and is relatively movable to this steady state waveguide 332,334. The movable switching member 
320 is arranged, and it constitutes so that it may move with the bistability beam 310. The movable 
switching member 320 may be equipped with the array of a waveguide 322 as shown in drawing 4 . 
[0058] 

In an activity, if Force F is impressed to the bistability beam 310 by the actuator (not shown), the 
bistability beam 310 will shift to the 2nd stable state (not shown) from the 1st stable state shown in 
drawing 4 . When the movable switching member 320 moves with the bistability beam 310, another 
waveguide 322 connects between the steady state waveguides 332 and 334. By this approach, the input 
of one lightwave signal of the input optical fiber 350 may be switched between the output optical fibers 
360. Moreover, the waveguide 322 of the movable member 320 may be arranged and a lightwave signal 
may be switched by moving the movable member 320 to compensate for migration of the bistability 
beam 310 between the 1st stable state and the 2nd stable state. Furthermore, the waveguide 322 of the 
movable member 320 may be formed so that a lightwave signal may be attenuated. 
[0059] 

As shown in dr awing 4 , the 2nd stable state may be changed by inserting a stopper 370. A stopper 370 
is arranged so that one side of the bistability beam 310 may contact a stopper 370 before reaching the 
2nd original stable state. If a stopper 370 is arranged in this way, in the 2nd stable state, bias of one side 
of the bistability beam 310 will be carried out to a stopper 370. The bistability beam 310 and the 
movable member 320 assist this condition so that it may result in the 2nd stable state correctly and 
certainly. As shown in drawin g 4 , upheaval 372 may be formed in a stopper 370 and a part of bistability 
beam 310 in a contact condition and the static friction between stoppers 370 may be controlled. 
[0060] 

The graph illustrated to dra w ing 5 shows the variation rate of the beam to the force impressed in order to 
move a beam, and this force. The nonlinear configuration and geometry of a beam determine a actual 
curve. 
[0061] 

After moving from the 1st stable state, a beam passes an unstable equilibrium condition and shifts to the 
2nd stable state of the beam which is in the stable equilibrium condition. The ideal point line showed the 
location of a stopper 370 in drawing 5 . As illustrated, the stopper is formed in the location of about 
0.0185mm between an unstable equilibrium condition and the stable equilibrium condition applicable to 
the 2nd original stable state. Therefore, a beam will stop, before resulting in the stable equilibrium 
condition applicable to the 2nd original stable state. Bias of the beam is carried out to a stopper by the 
stability of the beam which tends toward this stable equilibrium condition. 
[0062] 

The system based on a bistability minute electronic mechanical system (MEMS) may be manufactured 
according to this invention by specifying a beam equipped with the predetermined nonlinear 
configuration corresponding to the 1st stable state of a beam with lithography. As a lithography 
technique, common knowledge or the lithography technique of the arbitration developed from now on 
may be used. With lithography, a property, for example, the configuration, geometry, etc. of a beam can 
be manufactured to accuracy. 
[0063] 

As mentioned above, the predetermined nonlinear configuration of a beam specifies the 1st stable state 
of this beam. The geometry of a beam specifies the 2nd stable state of this beam similarly. Therefore, 
according to the various operation gestalten of this invention, this manufacture approach is prescribing 
with lithography that a beam has further predetermined geometry, and contains the step which 
determines the 2nd stable state of a beam. Predetermined geometry may contain one or more, even if 
there are little predetermined die length, predetermined width of face, and predetermined curvature. It 
will be understood that height may be specified with the thickness of the ingredient layer by which a 
beam is created. 
[0064] 



http ://www4 . ipdl . inpit. go .j p/ cgi-bin/tran_web_cgi_ejj e 



4/19/2007 



JP,2004-025437,A [MEANS] 



Page 8 of 8 



Moreover, lithography may prescribe the predetermined geometry of a beam and other various 
properties of a beam may be specified. For example, the geometry of a beam may be specified so that at 
least the delivery distance of a beam and one side of a force curve may be specified. 
[0065] 

With the illustrated various operation gestalten, the actuator related with a bistability beam is formed 
using lithography. Similarly, the boundary condition of a bistability beam may also be formed using 
lithography technique. Moreover, although other same manufacturing technologies may be used, if the 
whole system is manufactured by the same technique, it is advantageous at the point which reduces the 
independent approach step, for example and can simplify a stroke. 
[0066] 

As mentioned above, a beam may carry out patterning of the beam within the device layer of a SOI 
wafer, and may specify it with lithography. While etching a device layer and the insulating layer 
between substrates selectively and releasing a beam, it leaves a part of insulating layer, and the support 
stop of the beam is carried out to a substrate, the amount of [ which carries out the support stop of the 
beam ] insulating layer specifies desired boundary condition on a beam -- as ~ patterning - and it 
etches. 
[0067] 

The example of the technique suitable for manufacture of the bistability beam within a device layer is 
indicated by the United States patent application 09th under simultaneous connection which uses the 
whole as it is for reference / No. 467,526, the 09th / No. 468,423, and the 09th / No. 468,141 . Another 
suitable technique is indicated by the United States patent application 09th under simultaneous 
connection which uses the whole as it is for reference / No. 718,017. 
[0068] 

Generally, the step of a planar production process is used in detailed machining of a polish recon front 
face. This step is a step common to the (integrated-circuit IC) manufacture industry which manufactures 
a minute electronic machinery and micro mechanical equipment. Like a standard block assembler, the 
step which forms an alternative layer and carries out patterning with a photolithography technique on a 
substrate is included. An alternative layer contains polycrystalline silicon with low stress, and a sacrifice 
layer like the silicon dioxide for example, on a substrate. The beer etched through the sacrifice layer 
provides between polycrystalline silicon layers and a substrate with a support point. Patterning of the 
polycrystalline silicon layer is carried out, and the mechanical component of detailed machining 
equipment is formed. A mechanical component is formed for every layer in this way at a series of steps 
of a vacuum evaporationo process and a patterning process. A silicon-dioxide layer is removed by 
exposing after that to the alternative etching reagent which does not adhere to a polycrystalline silicon 
layer, for example, a hydrofluoric acid etc., (HF). The mechanical component formed in the 
polycrystalline silicon layer is released by this, and actuation of a mechanical component is attained. 
[0069] 

Although this invention was explained referring to various operation gestalten, I will be understood if it 
is this contractor for various kinds of replacement, correction, and modification to be possible. 
Therefore, all of correction and modification are the things from which it does not swerve to the pneuma 
and the range of this invention and which are included by the range of this invention exchangeably. 

[Translation done.] 



http://www4.ipdl.inpit.go.jp/cgi-bin/tran_web_cgi_ejje 4/1 9/2007 



JP,2004-025437,A [DESCRIPTION OF DRAWINGS] 



Page 1 of 1 



* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] It is the schematic diagram of the 1st operation gestalt of the minute electronic mechanical 
system (MEMS) containing the bistability beam concerning this invention. 

[Drawing 2] It is the schematic diagram having shown the 1st operation gestalt of drawing 1 according 
to the 2nd stable state. 

[Drawin g 3] It is the schematic diagram of the 2nd operation gestalt of the minute electronic mechanical 
system (MEMS) containing the bistability beam concerning this invention, and an actuator. 
[Drawing 4] It is the schematic diagram having shown the operation gestalt of the optical switching 
system containing the bistability beam concerning this invention according to the 1 st stable state. 
[Drawing 5] It is a graph showing the force curve of the operation gestalt of drawing 4 in the 
equilibrium condition by which the 2nd stable state was stabilized. 
[Description of Notations] 

100,200,300 The system and 101,201 based on a minute electronic mechanical system (MEMS) A 
substrate and 1 10,210,310 A bistability beam and 112,212 Boundary condition and 130 A steady state 
member and 240 An actuator and 300 An optical switching system and 320 A movable member and 
332,334 A waveguide and 350 An input optical fiber and 360 An output optical fiber and 370 Stopper. 

[Translation done.] 
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[Drawing 5] 
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